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Ultimate economy in the design of any structure can be attained only when
the designing engineer not only is experienced in the analysis of stresses and the
make-up of members, but also has a thorough and practical knowledge of structural details, shop practices and erection procedures. It is quite possible to
conceive, analyze and design a structure which may be quite impractical and
uneconomical to build. However, that does not mean that the designing engineer
should not continu e to dream and let his imagination run a little wild now and
then, since that is the way we change and make progress in all things.
In tl1e field of building design in recent years many innovations have been
made architecturally and the structural engineer has kept pace with them in the
design of his steel framework. A number of new types of structures have been
developed for long span roofs and large open areas, where columns are not
permitted, and these requirements have led to many strange structures indeed.
A few are practical and economical, but others are doubtful from this standpoint.
Many tim es it seems as though th e designer was simply trying to show his
ingenuity and to see how different he could be increating something new and
unique.
Highway bridge design has also changed radically within the past ten or
fifteen years because of modern highway requirements. Roadways no longer
twist and turn, or involve steep grades · to take advantage of the natural terrain.
Instead , they involve long straight sections with minimum grades, resulting in
long, high crossings which were formerly considered uneconomical. Many
changes in design have resulted, and more monumental and costly structures
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re now possible because of the public demand for this kind of highway and
~ecause more money is being made available
Among these changes are the virtual elimination of the relatively short or
even moderate-length span of the through-truss type. In its place has come
the deck-type span, to provide a clear, unobstructed roadway. Where headroom
is available the deck truss can be used. Where headroom is a problem, long-span
deck girders are used. Not many years ago a plate girder over 120 ft. long was
unusual. Today it is commonplace. To lighten it and to make it less expensive
two features have been introduced , the continuous girder or truss, and the
composite type of construction. Both have increased the problems of the fabricator
and erector. -Continuous girders of 450 ft. clear span have been constructed in
this country, and longer ones have been built abroad. The composite type of
construction involves the use of the concrete roadway slab as part of the top 9r
compression chord of a beam or girder, resulting in a saving in top flange steel
but producing a more slender girder, much more susceptible to lateral buckling.
The fabri cator has had to introduce falsework for the erection of long girders,
splicing them, and erecting them in sections. For the longer, more slender spans,
a stiffening beam or even a truss may have to be added to brace the top flange
IateraJly. A long, heavy balance or spreader beam may have to be used to
enable picking with only one boom at two widely separated points, 20, 30, or
even 50 ft. apart, in order to reduce the bending stresses while handling the
girder. All these devices add· to the cost of fabrication and to the difficulty and
expense of erection, and hence to the final cost of the structure.
The longer spans of either continuous or cantilever type of construction
have presented many other new problems to the fabricator and erector. To give
them necessary strength to resist the greater bending moments over the piers,
the curved bottom flange has been introduced, increasing detailing and fabrication
costs. This, in turn, frequently results in girders too deep for shipment, thus
requiring a horizontal splice to keep the depth within permissible limits. Again,
additional problems arise, since the upper and lower halves of the girder each
now have only one flange and the unstiffened edge of the cut web place for the
other flange. A temporary stiffening member or flange must be designed and
furnish ed for each half, to stabilize the girder for shipment, handling, reassembly
and erection. Finally, this extra material must be removed and scrapped as being
of no further use.
Another unusual expense in the fabrication and edection of long span plate
girders is the introduction of splices to bring them within reasonable lengths and
weights for shipping and handling. This generally results in the use of falsework
for the erection of the longer spans where the full-length girder would be too
heavy to handle, as well as laterally unstable. This, of course, considerably
lessens the economy of a plate girder versus a truss d esign, especially for high
crossings where falsework may be a considerable item of expense.
The heavier and longer girders present still another problem- erection
equipment of heavier capacity and longer reaches is required to handle them. This
heavier equipment is not only more expensive, but frequntly overloads the floor
system, if not the girders th emselves when it has to operate on the deck of the
structuhe. Reinforcement is frequently necessary and details may have to be
increased in strength to take the heavier traveler reactions.
From an economic standpoint, it is quite possible that the use of falsework
and the other additional costs both of fabrication and erection involved in tliese
longer and heavier girder spans may be justified by the savings in cost of piers,
and presumably the designer has investigated tl1is, but few engineers are experienced in estimating erection costs. If possible, several alternate designs should be
made and comparative costs obtained from a reliable fabricator and erector. Even
then some of tl1e more intangible costs of fabrication and the difficulties and
dangers of erection are not readily evaluated. But most certainly a saving in
weight of steel alone is not the sole criterion for economy, as the luger unit cost
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of a lighter and more complicated structure may frequently result in a greater
total cost.
The composite type of construction has come to be a generally accepted
device to obtain more economical designs in both buildings and bridge decks. In
building design the object is clearly to make steel more competitive with other
materials and types of construction. The same is partially true in bridges, but
not to the same extent. Ordinarily, a heavier type of construction in a bridge
particularly in the floor, will result in a more desirable structure from th;
standpoint of vibration, rigidity and general stability. Moreover, the saving in
weight does not necessarily reflect a saving in overall cost, as already pointed
out. There are additional costs of designing, as well as of fabrication and erection.
The various types of hear connectors, often more numerous than necessary, are
expensive and costly to apply, and interfere with erection where men must walk
around on the members, and erection equipment must be run over them.
Fortunately, furth er research is now underway and may result in more economical designs. If shear connectors are used, then the fabricator should be
given as much latitude as possible as to the type, and whether they are to be
applied in the sop or attached in the field after erection.
Composite design should not be carried to the extreme that an unstable
member or structure may result until the concrete deck or other supporting
members can be erected. Long, slender beams and girders, caused by extremely
light top flanges, have been known to collapse with resulting expensive damage
and even loss of life. Many small fabricators and erectors do not have large or
adequate engineering forces to permit proper investigation of lateral stability of
either individual members or partially erected structures, and where such type
of construction is used, the designing engineer must accept some of the
responsibility, at least for calling attention to such a condition. Where special,
temporary stiffening devices must be applied to individual members to make them
safe for handling, or temporary bracing must be used in a structure until other
members can be placed or the concrete deck can be poured, it is certainly
questionable as to whether such temporary bracing or reinforcing might not
better be incorporated in the permanent structure. Since it must be furnished
and paid for anyway, it might perhaps as well be used in the form of slightly
heavier and more stable members, rather than be removed and scrapped.
Most designing engineers probably have but little knowledge of, and
certainly little experience in, fabrication practices and erection methods, and
consequently probably only a superficial knowledge of how greatly variations in
d esign influence those costs. Estimating such costs is, of course, the steel
fabricator's stock-in-trade and detailed information regarding it is not readily
available. Nevertheless, the designer should have a basic knowledge of what is
generally acceptable as economical construction and details and what is not.
Greatest economy in the design of any structure, b1idge or building, will
be attained by making tlrnt structure as simple as possible, and with the greatest
amount of duplication. This applies particularly to the common, everyday
structures whi ch make up th e greatest amount of all construction, those in which
artistic or esthetic considerations are decidedly unimportant and which are
generally hiddeh from view. Innovations and ingenuity in design are neitl1er
desirable nor necessary in most of tl1e everyd ay types of construction, but ratl1er,
in its place, a thorough knowl edge of basic design principles and economical
details.
For greatest economy, unusual or "trick" designs should be avoided for any
kind of a structure unless it has some great advantage beyond showing the
designers ingenuity, at least if economy is a factor. Not too many years ago, the
Wichert type of truss and girder construction was popular for continuous spans.
Its advantage was in its ability to accommodate unequal settlement of piers without
changes or increase in stress. Its disadvantage was its additional cost of fabrication
and erection. Pins and pin holes were required for the rhomboids over the piers,
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involving expansive machine shop work. During_ . ere<:tion _this panel was
stable and required a temporary member to stabilize 1t until the next span
~:s completed. Such a member might as well _have b~en included in the str~cture
·n the first place. If pier settl ement really 1s a senous factor then continuous
:pans should not be used; if not, a conventional type of continuous construction
would suffice. The Wichert type of construction has not been used for many
years now, principally because it was found to be uneconomical.
The use of continuous girders may result in a small saving in th e weight
of steel, and perhaps a corresponding saving in the cost of piers. However, if
such a design results in the necessity for falsework during construction, the
saving may well be nullilied. Where more work and expense are involved for a
lesser weight, the unit cost is increased. In other words, a saving in weight of
steel is not necessarily a saving in cost.
There are many seemingly minor details in the design of most structures
which may seriously affect the difficulties and cost of fabrication and erection,
many unrealized by the designing engineer. The specifications are often needlessly severe or fussy.
A frequent requirement is that certain bracing and stringer connections
shall not be riveted until the concrete desk is in place. The object is to avoid
some participation of these members in the truee chord or girder flange stresses .
It makes it necessary for the erector to come back after the deck is in place, when
his men have left and his equipment has been removed , erect scaffolding and ·
work up under the deck in extremely close quarters and under difficult conditions.
Little is gained since all mem hers will participate in liveload stresses to some
extent and they should be designed for this, or else provision made for movement.
Leaving certain truee connections open until the steel dead load only is in
place, then riveting or bolting them, is not as serious and results in continuity of
the structure for all additional loads. The erector should be permitted to complete all riveting and bolting of the main structure before turning the job
over to the deck contractor. Erection and aligning of handrailing must often
be done later and is not objectionable provided it is entirely accessible.
The use of two or three panel-length stringers is fairly common in bridge
floor design and may cause difficulty in erection and would seem to be of doubtful
economy. Long stringers are usually unstable laterally and difficult to handle.
They are objectionable when they must be erected so they project b eyond the
other steelwork and interfere with erection. Preferably stringers should be in single
panel lengths and construction joints provided at frequent intervals, every 2 or 3
panels, to avoid participation in th e chord stress, to avoid bending the floor
beams laterally, and to prevent cracking of the concrete deck.
Many times specifications call for certain connections to be sub-punched or
sub-drilled in the shop and reamed to full size after erection, apparently in the
belief that a more accurately aligned joint will be obtained and some secondary
stresses avoided. Never was there a greater fallacy. The erector must match the
connections as they are, simply in order to erect and fit up. The only criterion
he has is the matching of whatever holes are given him, which he promptly
proceeds to pin, bolt and then ream out the same as if they were shop assembled.
Ordinarily the shop can do this more accurately and much cheaper. Another
fallacy is that of full- size holes in one member and sub-punched in the matching
member. Nothing is accomplished by this, since the reamer centers itself in th e
small hole and chews away, usually enlarging the full-size hole on one side and
making it egg-shaped , after which it must be reamed overside to get a round
hole.
Shop work today is of a high degree of accuracy both as to milling members
1 required length, and in laying out truss joints and connections to precise angular
a gnment. Excellent matching of field connections can be obtained either by
reaming with the members assembled, or by drilling and reaming to a metal
templet. Such templets are generally set to a milled edge or surface, resulting in
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precise workmanship. The designer may specify the degree of accuracy and
refinement of workmanship, and tl1e results desired in a structure, but he should
leave to ilie fabricator and erector the methods and procedures for obtaining
those results.
Greatest economy in any structure will be realized when there is as much
duplication of spans and other parts as possible. Structures in every bay and
every span are different greatly increases the cost of shop drawings, of fabrication
and probably of erection. A bridge made up of a series of simple span trusses or
girders will generally be cheaper per pound than a series of continuous spans.
The total weight involved may not be much greater and the total cost may be
no more or even less.
Unl ess they are very long, over 140 ft. or, simple span girders can generally
be shipped and erected in one piece. Longer spans will have to be spliced and
a temporary falsework support introduced for erection, at considerable additional
expense. The erector should be consulted as to limitations of shipping and
handling long, heavy members. The longer spans may still be more economical
when the cost of additional piers is considered but the designer should consider
all alternatives. Needless to say, ilie relatively few fabricators and erectors who
are equipped to build and erect the heavier and more complicated structures are
delighted to have them, but the engineer and his client should realize that the
same unit prices will not apply as for simpler, more ordinary construction.
For the longer girder spans with wide roadways, the use of only two main
girders and the conventional design of floor will result in excessively heavy
girders and floor beams, requiring a heavy, large capacity derrick or crane to
erect only two or three members in each span. It would be well to consider the
so-called stringer type of construction in which the main girders are spaced at
6 ft. to 8 ft. apart, supporting the concrete deck directly on them and omitting
the floor beams and stringers. A lighter and more economical structure might
result, iliere would be more duplication, and lighter erection equipment could
be used. A comparative design and cost estimate would be advisable.
Welded structural design is becoming more common and is particularly
applicable to girder construction where it has often proved to be economical
for spans up to about 140 ft. as far as shop fabrication is concerned. When long
girders must be spliced , ilie erector should be given his choice as to type and
details of field splices. Field welded splices are generally tmeconomical, requiring
some holes or other devices for fitting up and temporarily supporting the members
until tl1ey can be welded. The use of field bolted connections, using highstrengtl1 A-325 bolts is usually more desirable and economical.
For th e greatest economy in structural design, the engineer must avoid
unnecessarily fussy requirements and clauses in his specifications and details.
Reasonable tolerances should be permitted, keeping in mind the tolerances for
overrun and underrun in rolled sections. D etails should be such as to attain
unusually high accuracy by built-in adjustment, tl1e use of shims and such. Field
reaming should be specified only as a last result, and never for major connections.
It may be specified as an alternate for the alignment of railings, curbs, walls, etc.,
but even here the fabricator should be given his choice. The use of slotted holes
may be more desirable and quite permissible for some bolted connections.
Girder splices are many and varied as the fabricator and erector sees the
details of many different designers. Some will make a short, neat, compact and
complete field splice in a relatively short length of girder. Otl1ers will make a
staggered splice in varying degrees of complexity, up to cutting each individual
angle, side place and cover plate at a different location. This sometimes results in
splice material projecting far beyond the end of th e girder, where the web is cut,
as much as 20 ft. to 24 ft. This loose, Happing material is the cause of much
difficulty and expense in fabrication, shipping, hauling and edecting. Several
hours may b e required simply to enter a girder section into such a splice, and
one to two days time may be required to completely fit it us satisfactorily for
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riveting or bolting. Many stiffeners have to be left loose, and with the many
open holes in the flanges the uns~ ened web becomes very unstable :"1til
6tting up is complete. If the erection traveler has to hang on to the grrder
during all this time, erection progress is delayed.
The use of standard details should be encouraged and adopted whenever
possible. Such stan~ards are muc~ more common in ~uilding. work, but much
less so in bridge design. E ach engineer seems to have his own ideas as to proper
design and detail of such parts as bearings, shoes, expansion and construction
joints, adjustment for railings and curbs and many other items. There is no
reason why many of these parts and details not b e standardized and the
American Institute of Steel Construction has made considerable progress in this
direction. Their "Highway Bridges of Steel" shows many modern, pleasing and
economical designs of beam, girder and truss span bridges, and points out the
economical use of low-alloy steels and high-strength bolts. It also devotes a short
chapter to the problems of the erector and points out the fact that erection
considerations may often govern the design of a structure. The latter part of this
booklet is devoted to typical details of diaphragms, railings, drains, fixed and
expansion bearings, all in both welded and bolted or riveted designs. These are
excellent guides for the designer who wants to show more than the main sections
of his members, but should also permit the fabricator to make such changes
in details as he may desire to suit his own practice and ideas of economy as long
as this does not detract from · the appearance or involve the strength of the
structure in any way.
One cardinal requirement of any steel structure should be that it is selfsupporting without consideration of any other construction, such as flooring or
concrete deck. This rule has been violated more in building design than in bridge
work but it still applies, particularly to long slender girders as h as been previously
mentioned. Such members should not be designed to be so slender that they will
not support their own weight on their own supports, which frequently happens.
If considered necessary, such a condition should b e pointed out, but better, a
stable girder should be designed.
There is no question but that ·continuity in design of both beam and girder
span bridges has resulted in some economy. H ere again the AISC has been of
great help to the designer in a booklet just published entitled "Moments, Shears
and Reactions" containing tables for the design of continuous highway bridges.
The tables cover two, three and four-span bridges up to 480 ft. long. Values
of shears, reactions and moments are given directly for standard truck loadings.
For special loadings, influence coefficients are given.
One thing should be avoided in continuous construction and th at is the
time-consuming, expensive and seemingly needless requirement of weighting the
reactions. If th e designer does not have enough faith in continuous structures
and his computations for stresses and reactions without trying to measure them,
and if he questions the ability of tl1e contractors to accurately fabricate and erect
them, he had better not build th em . Actually, relatively large differential pier
settlements produce very small changes in stress in a continuous structure having
reasonably long spans. W eighing reactions generally results in no adjustments
being made anyway and they cause complications in the grade of the roadway
and approaches if th ey are made. Their chi ef function seems to be to satisfy the
curiosity of the designer to see how close the weighed reactions agree with his
calculations.
~ word as to erection methods and procedures is in order since it is probably
but little understood by the average designing or consulting engineer. It seems
to be taken pretty much for granted that whatever can be designed and
fabricated can somehow be erected , and that is just about true. Whether some
structures are economical or not is another question.
b Bridges are usually erected by cranes or derricks of some kind. For light
earn and girder spans over other highways, and not too high above the ground,
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a truck or crawler type of crane is most common and economical. These are
generally not suitable for operation on a bridge floor and where the spans are
high above th e ground an erection derrick of some kind is set up on the bridge
deck itself. A stiffieg derrick is most commonly used for this purpose, mounted
on skids or on wheels to permit moving it ahead , and hence is known as an
erection traveler.
Truck and crawler type cranes are quite standardized and depend for their
stability on a heavy counterweight in the rear of the cab, away from the boom.
They can lift th eir rated capacity loads only on a short boom and at close
reaches. For long booms and for long reaches th e capacity decreases very
rapidly so that th.is type of equipm ent is limited to the erection of those structures
to which access can be obtained immediately beneath the heavy members to be
picked. Where work is over railroad tracks, a locomotive crane can sometimes
be used , and it generally has the same limitations as to capacity.
Stiffieg derricks are far from standardized and many erectors either build
their own or have them designed and built by others to suit their requirements.
They are adapted to each particular job to suit the structure on which they must
operate by varying the length of boom, sills and stiffiegs th e height of mast
and the angular opening between the sills. They have relatively large capacity
at long reaches, when properly tied down to the structure or counterweighted in
some way, and are most suited to picking and erecting long heavy girders at long
reaches ahead. StifHeg derricks of from 100 to 150 tons capacity are not uncommon.
Stiffieg derricks are also used mounted directly on a barge for erecting low
spans over water. For high er spans the derrick is suported on top of a structural
tower built on th e barges and is then known as a tower derrick boat, an
extremely stable and useful piece of equipment where it can be used considering
navigation requirements.
Stiffieg derricks can also be used for what are known as creeper travelers,
operating on the curved top chord of through truss spans, on arch ribs, and by
mounting them on specially designed frames for use in erecting the towers of
suspension bridges. For each use they must be specially altered and revised
to suit the needs of the particular structure.
Delivery of material is one of the first problems facing the erector, not
only from the shops to the erection site, but at the site itself to get it within
reach of the erection derrick. Where there is access, the material may be
delivered on the ground. When working over water, material may sometimes be
transferred to barges and towed to within reach of the derrick. Otherwise, it
must be hauled to the site and transferred to special material trucks to be run
out over the structure itself to the erection rig.
Plate girders up to 150 ft. in length can usually be fabricated, shipped and
erected in one piece, but there is no fi xed rule. Each case must be investigated
and final decision based on the particular conditions. Greatest economy in plate
girder design will generally be attained when the girders can be erected in one
piece from pier to pier without th e use of falsework.
For girders which must be spliced, and for truss spans which must be erected
member by member, temporary falsework supports must be used. Truss spans
are generally fabricated with the chords in two-panel lengths and supported on
falsework spaced two panels apart. Formerly it was customary to furnish enough
falsework to support the span at each main panel point, a scheme known as
"full falseworking". An excellent example of this is the 504 ft. simple truss
spans of the San Francisco-Oakland Bay Bridge East Crossing.
Present practice is to use as few falsework supports as necessary and to
cantilever as far as possible between them. This scheme is known as "semicantilevering" and results in considerable economy of falsework. Sometimes
each truss span in a series can be erected by full cantilevering, tying it back to
the previously erected span, without the use of any falsework. More generally a
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single bent of fals~work . will have to be used , near 0 e ~enter of the span. A
small amount of reinforcmg may be necessary to perrmt tlus.
For a cantilever truss bridge the anchor arms are usually erected on falsework and the main span, including the suspended span, is erected by full
cantilevering, working from each side to th e cen ter without using any falsework.
Again some reinforcing of the truss members may be required and th e designing
engineer should take account of this by anticipating tlie method of erection and
making provision for th e weight of the erection equipment and method of
erection in his design. Consultation with a reliable fabricator should be
encouraged.
Occasionally, conditions are such that falsework is impossible or prohibitively expensive because of great heights, deep water or soft bottom . In
such cases a scheme known as "b alanced can tilevering" has been used in which
erection starts on one pier and th e sh·ucture is erected by cantilevering
simultaneously both ways, keeping the loads properly balanced to maintain
stability. One of the best examples of this method is the Baton Rouge Bridge
over the Mississippi River wh ere the fi ve-span continuous truss structure was
built by balancing on the fom main piers. The same scheme on a smaller scale
has been used for erecting a seri es of continuous girder spans by first erecting
the haunch sections on two adjacent piers, "balancing" them by tying th em down
to the pier in some way, th en £!ling in th e gap between tl1em by erecting the
remaining girders in one piece. -An example of this is th e Great Egg Bay Bridge
in New Jersey where the girders were erected by derrick boat from th e water.
The small amount of temporary steel required to "balance" th e girders on the
pier, and to provide for horizontal movement for connecting the closing girder
sections, is far cheaper than the use of falsework.
Floating is another method of erecting spans over deep water wh ere falsework would be prohibitive in cost. The span is built in shallower water, wh ere
falsework is economical, or directly on barges at a suitable location wh ere
erection is practicable, then th e entire span is picked up and flo ated on the
barges to its final location and landed on its permanent piers. This is probably
one of the most spectacular methods of erection, together with full cantilevering,
and is quite safe but still relatively expensive.
One of the greatest projects of erection by flotation was th e Chesapeake
Bay Bridge in which a total of 21 truss spans and 7 girder spans was erected on
falsework in shallow water and floated into place. The spans vmied in length
from 200 ft. to 480 ft. and the heavi est span weighed nearly 1,000 tons
exclusive of falsework. The total floating assembly weighed 2,500 tons and was
as high as a 14-story office building.
There are many variations of th ese basic erection methods, limited only by
the ingenuity of the erector. The prime requirement of any erection scheme is
safety as well as a solution to each problem which will result in the lowest
possible cost. The designer should have in mind a feasible or probable method
of erection for each structures and produce a design suitable to the location and
taking account of any unusual local conditions which would affect the difficulty
and cost of erection. Any conditions which might overstress the structure in any
way during erection should be considered and provided for if possible rath er than
leaving it to a contractor to have to provide reinforcement or temporary bracing .
.No mention has been made of the many engineering problems which the
fabncator and erector must provide for and which should be understood by the
designing engineer. Redundant structures should be avoided if possible, such as
trusses having sub-divided panels in which there may be serious mismatching of
members as erected, especially when they have been cambered by making slight
t ange~ in length as fabricated. Cambered truses may be used not only to give
e desITed shape of truss under some loading condition, such as full dead load,
ut also to help eliminate secondary stresses. In this case, th e angles between
truss members should be the geometric angles under the desired loading condi-
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tion. If the truss connections are reamed with the members assembled in th
shop, as is sometimes specified, the members will £t more readily as erected bu~
secondary stresses will be induced under both d ead and live loads. The engineer
should understand this problem and be sure he specifies exactly what he wants.
Cambering of trusses by changing tl1e lengths of chords causes serious problems in the erection_of tl1e floor and lateral bracing systems which are generally
detailed to the geometric panel length. Unless frequent expansion joints are
provided in the floor system the stringers will bend or bow the floor beams, and
in extreme cases it may be impossible to connect the stringers until after the
span is completed and swung. Framed . stringers give the most trouble in this
respect; those which rest on top _of the floor beams are easiest to erect. The only
way to keep the floor system of a bridge from participating in the chord stress
and to avoid possibility of cracking the concrete deck slab, is to provide frequent
floor expansion joints and these also are an aid to the erector. The use of milled
end stringers should be avoided.
Sometim es the engineer ti-links he is economizing on one item, overlooking
the fact that this may increase the cost of some other part of the structure. A
good example of this is the recent trend towards the design of T-shaped concrete
piers for girder spans, in which the two main girders are supported on the ends
of the cross girder of the pier. This is £ne after the bridge is completed, but
during erection the unbalanced load from one girder may cause stresses in
excess of the design stress. Furtl1ermore, there is a heavy erection traveler
reaction to be provided for when erecting the girders which is usually far in
excess of any design considerations. The result has been that temporary shores or
falsework must be provided to support the girders under the working position of
the traveler, and additional reinforcing has had to be added in the piers, probably nullifying any theoretical saving in pier cost.
Another detail often overlooked by tl1e designer is the provision for jacking
a span on the main pier, which should be incorporated in every bridge. Rocker
or expansion shoes may have to be adjusted, serviced or even replaced and the
end floor beam or a special jacking strut should be designed for this purpose.
Also, a suitable area should be provided on top of the pier to accommodate the
jacks. The tops of some piers are so small there is no room for men to walk
around, to say notl1ing of room for any equipment.
Most consulting and designing engineers have no definite ideas of how a
fabricator and erector estimates the cost of building any steel bridge. There is a
prevalent idea that some average price per ton is or can be used for different types
of structures, based on previous experience. This is partially true but no contractor
could stay in business very long without some more accurate method.
Proper estimating involves an exact quantity survey, properly classifying all
materials for itemized pricing. Fabricating costs vary with the amount and kind
of work to be done, not simply with the tonnage involved. Costs are lowest for
simple, punched or "bull-eye" beams; higher for a plate girder, and still higher
for higly fabricated box members such as truss chords. The average cost per ton
comes properly from the accurate analysis of all members of a structure, not
from an average es tim ate or guess of the overall cost.
Erection costs are similarly estimated. The quantity survey made for
estimating the fabrication costs should show tl1e weight and number of pieces of
various kinds; the longest and heaviest members to be handled; the number of
rivets to be driven or bolts to be placed; the amount of field welding; and any
special work required. From this data the estimator can determine the erection
equipment required to handle the heaviest members, and the number of working
gangs to complete tl1e work within th e scheduled tim e. The nun1ber of pieces
or tons per d ay that can be erected by one gang or derrick will also determine
the time required on the job.
A plan should be made showing the step-by-step erection procedure,
traveler moves, delivery of material, location and amount of falsework, and such
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features. Special erection equipment, temporary members and bracing must b e
designed and furnish ed. The cost of engineering work should b e estimated and
included, which may be a very substantial item for the larger and more
complicated bridges.
The length of time spent on erection must include getting the equipment on
clie job, set up and working; the time required for actual erection; and the final
clean-up including finishing up riveting and bolting, and dismantling and
removal of equipment.
To all labor costs must b e added p ercentages to cover insurance, workmen's
compensation, and various items of fi eld expense and overhead. These may total
50 per cent or more of th e direct labor. Charges must also be included for the
rental or depreciation of equipment. To make a proper estimate takes considerable time and involves appreciable exp ense. The designer or consulting
engineer spends many months or even years on the design of a large project and
should not expect the contractor to make an estin1ate overnight or in a week or
two. Lacking sufficient time, his estimate will b e correspondingly higher to cover
items which must be guessed at instead of properly estimated. Note that many
items are a fixed sum, regardless of the tonnage involved, while others will vary
directly with amount of steel to be erected. Large projects involving h eavy
construction generally result in a lower unit cost than smaller projects and
lighter construction for which the unit cost will b e higher. Equipment must be
put on and off the job regardless of the total tonna.ge involved, and it takes
practically the same length of time to erect a memb er w eighing 10 tons as it
does one weighing 20 tons. Obviously the unit costs will vary considerably. The
contractor should not be asked to quote a unit price estinrnte without having a
reasonably accurate estimate of th e total tonnage involved.
Where high structural strength is required , it will usually b e found that
steel is the most versatile and suitable material for bridge construction. With its
use we are able to readily meet the most exacting requirements of the specifications
as well as any difficult erection conditions which may exist. Erection of structural
steel is fast and positive, regardless of temperature and other weather conditions.
Alloy, high-strength steels p ermit the design and construction of long spans with
the fewest of temporary supports, resulting in the highest ratio of load-carrying
capacity to dead load of structure. F ewer controls are required during construction. Inspection to assure the structure acting as intended is relatively simple
and inexpensive. The members are fabricated in shops, under ideal working
conditi ons, and field assembly is relati vely easy and most positive.
It is indeed unfortunate th at there seems to b e a distinct gap b etween the
consulting engineer and the contractor and which seems to be widening. The
designer has to be more theoretical and more of a dreamer; the contractor must
of necessity be extremely practical to stay in business. Even though the larger
contracting firm s have excellent engineering departments, some of the smaller
firms do not and to them the designer owes the ·necessity of partially bridging
the gap between them by making clear drawings and specifications. Where
architectural effects or other considerations are not important, his structures are
best made simple and d evoid of unnecessary frills and requirements which
needlessly increase their cost.
The list of items herein discussed could be expanded almost indefinitely
and new problems are continually arising with each particular project and new
type of construction. It is hoped that this paper will stimulate the designer's
mterest in fabrication and erection problems and influence hin1 to consult with
the fabricator ~nd erector when unusual problems arise. Every endeavor should
e made to bndge the present and seemingly widening gap between these two.
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